variables including patient age, sex, medical history, and clinical findings, as well as the grade of spondylolisthesis, were recorded.
The inclusion criteria were as follows. 1) The presence of isthmic spondylolisthesis of Grade 1 or 2 at any level, and low-back pain with or without sciatica and neurogenic claudication that was referable to the lumbar spine (that is, claudication or radicular symptoms were brought on by either walking or prolonged standing, were relieved by sitting or flexing, and occurred without a vascular or neuropathic pathological basis). 2) Lack of improvement after at least 6 months of conservative treatment measures. 3) Patient age between 18 and 65 years.
Exclusion criteria included previous spine surgery. Each patient's admission number was used for the randomization of personal data. After the admitting physician verified that a patient met the inclusion criteria and obtained informed consent, a computer-generated randomization list was used to assign the patient in a blinded fashion to 1 of the 2 treatment groups: PLF (Group 1) or PLIF (Group 2).
A physical examination was performed to assure the patient's neurological health, followed by preoperative imaging investigations with plain and dynamic radiographs, MR imaging, and CT scanning. All patients were followed up regularly at intervals of 1, 3, 6, and 12 months, and then annually thereafter.
Plain radiographs (anteroposterior and lateral standing) and functional radiographs with flexion and extension views were obtained. On plain, flexion-extension radiographs, the following variables were measured: the percentage of dislocation, global lordotic angle (between L-1 and S-1), and the lordotic angle of the surgically treated segment. On radiographs, the angles of the mentioned segments were measured according to the Cobb system (Fig. 1) . The alterations in these values or apparent fusion were investigated.
In Group 1, the classification of Lenke was used to determine fusion (this system examines the size of the graft bone created between the upper and lower transverse processes, and the discontinuity and resorption of the fusion mass). 15 Results above the "B" level on the Lenke classification were considered a union. In Group 2, fusion was defined as the presence of a bony bridge in the anterior part of the cage or less than 5° movements on lateral flexion and extension views, the absence of radiolucencies around the cage, and the absence of cage migration. 34 If no movement was observed from a lateral view during flexion and extension of the fixed segment, it was termed a union. If any movement was observed from a lateral view during flexion and extension, it was termed a nonunion. If fusion was uncertain, CT scanning was performed to determine the fusion.
The back and leg pain of the patients were evaluated pre-and postoperatively using a 10-point VAS. Quality of life was assessed using the ODI questionnaire and the SF-36. The ODI is a validated, disease-specific instrument for the assessment of spinal disorders and consists of a 10-item questionnaire with 6 available responses for each item. 4 The total score ranges from 0 to 100, in which 100 indicates the most severe disability. The items measured are intensity of pain, personal self-care, social life, sex life, and traveling ability, as well as the ability to lift, walk, sit, stand, and sleep. For each item, 0 indicates normal function and 5 indicates the highest level of dysfunction. The sum of the 10 items multiplied by their respective estimates constitutes the ODI score (0-100). Physical and mental health status was measured using an SF-36 health survey that has been designed for native Turkish speakers and has been validated. 22, 31 Operation duration, amount of bleeding, and early postoperative complications were also recorded.
Surgical Techniques
Two surgeons performed the operations, using the same operative technique. A posterior decompression, laminectomy, medial facetectomy, and foraminotomy were performed in all patients. In Group 2, a complete facetectomy was performed for PLIF, and 2 cages were routinely used. Short-segment pedicle screw instrumentation (Tasarımmed Spine System) was used in all patients. In the PLIF group, a titanium cage (Tasarımmed), lamina obtained during decompression, and spinous process autograft bone material were used. A graft was placed ahead of the cages anteriorly and also in the cage. In the PLF group, bone fragments collected from the iliac wing during the decompression process were used as autografts.
Statistical Methods
Statistical calculations were performed with SPSS version 17 (SPSS, Inc.) for Windows. In addition to stan- dard descriptive statistical calculations (mean ± SD), a nonparametric test (Kruskal-Wallis) and Wilcoxon signed rank test were used to evaluate the data. Values of p < 0.05 were considered statistically significant.
Results
Our study group included 33 female and 17 male patients whose mean ages were 50.6 years (PLIF group) and 47.3 years (PLF group). The mean follow-up period was 3.3 years, and based on the patients' etiologies, isthmic spondylolisthesis was detected.
The level of the spondylolisthesis varied; PLIFs were performed at L3-4 (5 patients, 20%); L4-5 (14, 56%); and L5-S1 (6, 24%), whereas PLFs were applied at L3-4 (4 patients, 16%); L4-5 (13, 52%); and L5-S1 (8, 32%). The duration of symptoms ranged from 8 to 60 months. The preoperative clinical symptoms and signs were lowback pain (94%), leg pain (82%), neurogenic claudication (90%), sensory changes (72%), motor weakness (44%), and incontinence (2%). The distribution of age, sex, severity of pretreatment pain, and disability was similar between the PLIF and PLF groups ( Table 1) .
Follow-Up Status
The mean follow-up period was 3.3 years (range 1.5-6 years). Routine radiological investigations were performed at these time intervals, and follow-up data were obtained from VAS, ODI, and SF-36 questionnaires given to all patients. One patient refused to undergo control radiological investigations after 18 months, and another died of an unrelated cause after 20 months.
Clinical Analysis
There were no perioperative deaths. Unintended durotomy occurred in 1 patient (4%) in the PLF group and in 2 patients (8%) in the PLIF group; dural tears were largely repaired. These 3 patients received 48 hours of bed rest after surgery. Durotomies were not associated with postoperative morbidity. In addition, no subsequent postoperative CSF fistulas were observed in these patients. With the exception of dural laceration and neural injury, no other complications were observed during the operations. The postoperative complications in Group 1 included transient nerve palsy in 1 patient (4%-mild motor weakness in the L-4 root with 3/5 ankle dorsiflexion strength), deep infection in 2 patients (8%), pain in the bone graft donor site in 3 patients (12%), and nonunion in 4 patients (16%). In Group 2, transient nerve palsy (in L4-5 segmental stabilization-L3-4 nerve palsy with 3/5 quadriceps muscle strength), deep infection, and cage dislocation were observed in 1 patient each (4%).
No revision surgery was required in the early postoperative period. However, postoperative infections were seen in this period and were treated with incisions, drainage, and antibiotic therapy. The instrumentation was not removed in either group. Transient nerve palsy had improved spontaneously by the 3-month follow-up evaluation. In Group 1, of the 4 patients with nonunion, 2 received revision surgery with combined PLF and PLIF because of increasing low-back pain. In Group 2, 1 patient with a cage dislocation received revision surgery at the 4th postoperative month.
The mean operating times were 146 minutes (range 105-300 minutes) and 168 minutes (range 120-310 minutes) in Groups 1 and 2, respectively. There was no intergroup difference in operating times. The amount of blood lost during operation and during the 1st postoperative day was 1100 ± 280 ml and 830 ± 215 ml in Groups 1 and 2, respectively; the amount of bleeding in Group 2 was significantly lower than in Group 1 (p < 0.05). In both groups, a significant decrease in low-back and leg pain was observed (p < 0.001).
In Group 2, low-back pain showed more improvement than in Group 1, exhibiting a significant difference at all follow-up periods (p < 0.005). However, improvement in leg pain did not differ between the 2 groups ( Table 2) .
The ODI scores improved significantly in both groups (p < 0.0001 in both groups; Kruskal-Wallis test [excellent, < 20%; good, 21%-40%; unchanged, 41%-60%; worse, > 61%]). The mean preoperative ODI score in Group 1 was 29.20 ± 6.42, compared with 18.20 ± 3.65 at the 3-month follow-up and 14.12 ± 2.42 at 1.5-6 years. In Group 1, 19 cases (76%) showed good or excellent results. The mean preoperative ODI score in Group 2 was 30.20 ± 5.70, compared with 13.60 ± 1.95 at 3 months and 13.40 ± 1.95 at 1.5-6 years. In Group 2, 22 cases (88%) showed good or excellent results. Pain during walking (p < 0.0001), standing (p < 0.0001), and in a sitting position (p < 0.0001) was relieved at significantly different levels within the 2 groups during the preoperative and early postoperative period and between the groups in the early postoperative period (Fig. 2) . There was no difference in these pain relief scores between the groups in the late postoperative period (Fig. 3 ). 
Radiological Results
In terms of the lumbar lordosis and segmental angle, a significantly better correction was made in Group 2 relative to the preoperative period. In Group 1, these improvements were not significant compared with the preoperative period (Table 4) . After analyzing the correlation between low-back pain and these measurements, we found that the better outcomes in Group 2 were related to the correction of lumbar lordosis and segmental angles. The postoperative fusion rates were 72% (6 months), 80% (12 months), and 84% (2 years) in Group 1. In Group 2, the corresponding fusion rates were 84%, 96%, and 100%. The nonunion rate at the last follow-up was 16% (4 patients) in Group 1 and 0% in Group 2. The difference in fusion ratios between the 2 groups was statistically significant (p < 0.005). At the 1st postoperative year, there were 5 patients with nonunion in Group 1; as measured by ODI scores, clinical results were good in 2 (8%), unchanged in 2 (8%), and worse in 1 (4%). The mean postoperative ODI scores were 16.80 ± 4.45 in Group 1 and 13.80 ± 4.20 in Group 2. In Group 2, ODI scores showed more improvement than in Group 1. The difference between the groups was statistically significant (p < 0.005).
Discussion
Adult spondylolisthesis is a radiographically verifiable condition revealed by motion in lumbar segments. It is important to isolate the specific symptoms, signs, and functional disabilities that distinguish spondylolisthesis from other types of low-back pain and sciatica. In our study, we examined cases of low-grade (Grades 1 and 2) spondylolisthesis. Despite the conservative treatment previously received by these patients, their symptoms had * Scores range from 0 to 10 (maximum pain), and the data are expressed as the mean ± SD. † Significance was calculated using the Kruskal-Wallis test. There were significant differences between pre- and postoperative VAS scores (p = 0.001; Wilcoxon signed rank test). There were no significant differences between pre-and postoperative VAS leg pain scores within each group (p > 0.05). There were also no significant differences in preoperative VAS back pain scores between the PLF and PLIF groups (p > 0.05), whereas postoperative VAS back pain scores were significantly higher in the PLF group (p < 0.05).
Fig. 2.
Bar graph showing the relief of pain during walking, standing, and sitting 3 months postoperatively (based on ODI subscales). Walking: A) I cannot walk without increasing pain. B) I cannot walk more than one-quarter mile without increasing pain. C) I cannot walk more than one-half mile without increasing pain. D) I cannot walk more than 1 mile without increasing pain. E) I have some pain when walking, but it does not increase with distance. F) I have no pain when walking. Standing: A) I avoid standing because it increases the pain immediately. B) I cannot stand for longer than 10 minutes without increasing pain. C) I cannot stand for longer than one-half hour without increasing pain. D) I cannot stand for longer than 1 hour without increasing pain. E) I have some pain when standing, but it does not increase with time. F) I can stand for as long as I want without pain. Sitting: A) I avoid sitting because it increases pain immediately. B) Pain prevents me from sitting more than 10 minutes. C) Pain prevents me from sitting more than onehalf hour. D) Pain prevents me from sitting more than 1 hour. E) I can sit for as long as I like, but only in my favorite chair. F) I can sit in any chair as long as I like. Fig. 3 . Functional disability was assessed using the ODI. Values ranged from 0 (no disability) to 100 (maximum severity); numbers on the y axis represent the mean ODI scores. There were significant differences between pre- and postoperative ODI scores (p = 0.001, Wilcoxon signed rank test). No significant differences between pre- and postoperative ODI scores at 1.5-6 years were found between the groups (p > 0.05). At 3 months, there were significant differences in postoperative ODI scores between Groups 1 and 2 (p < 0.05).
not been resolved. Most were admitted to the hospital with neurological deficits, and their dynamic radiological examinations revealed lumbar instability (Figs. 6 and 7) .
In numerous studies, the mean age of the patients being treated for isthmic type spondylolisthesis has ranged from 29.8 to 53.4 years. 10 In our study, the mean age was 50.6 years in the PLIF group and 47.3 years in the PLF group. The duration of the symptoms ranged from 8 to 60 months, with a mean duration of 38.4 months.
The L5-S1 level was claimed to be the most common defective level in isthmic type spondylolisthesis. 7 Kim et al. 12 reported that 50% of the defective levels were L4-5, and this ratio was similar to that found in our series (54%). However, Ming-li et al. 19 reported that age, sex, spondylolisthesis position, and postoperative percent disc height were not significant factors related to prognosis and curative effect for fusion in isthmic-type spondylolisthesis.
An effective spondylolisthesis surgery involves fusion of the fewest possible segments, minimizes dislocation, achieves adequate decompression, corrects the sagittal axis, and accomplishes fusion. To achieve these goals, anterior, posterior, and combined approaches are be ing used. 9, 11, 13 Currently, a combination of segmental screw fixation and PLF or PLIF is the most widely used meth od in the treatment of spondylolisthesis. 5, 17, 25, 29, 33 Both PLF and PLIF may effectively reduce low-back pain and radiating pain in the leg. Because PLF requires wider paravertebral muscle exposure, patients receiving this treatment may experience more severe low-back pain in the early and late postoperative period than those who undergo PLIF. 6 In our study, PLIF relieved low-back pain to a significantly greater extent than PLF. This result affirms the advantages of PLIF. The difference in back pain between the groups, especially in the early postoperative period, may be caused by iliac crest harvesting, which was only performed in the PLF group. Back pain due to bone grafting from the iliac wing was seen in the early postoperative period. However, in the 3-month and late postoperative follow-up, this pain did not exist. The difference between the PLF and PLIF groups at the 3-month follow-up, according to subscales of the ODI, was thought to be due to the earlier maintenance of an adequate sagittal axis and lower loading to the posterior segment of the vertebra with PLIF. There was no significant difference between the 2 groups in the late postoperative period with respect to ODI scores. However, there was still a difference between the groups in the late postoperative period with respect to VAS scores. This difference was probably caused by improved lumbar lordosis and/or decreased pseudarthrosis in the PLIF group.
Although pseudarthrosis and back pain might not be correlated with a pseudarthrosis diagnosis, 43% of the patients developing pseudarthrosis are reported to be symptomatic. 27 Patients with adequate fusion might have a better clinical outcome and vice versa. 21 Half of our patients with pseudarthrosis were identified as symptomatic. Although it was difficult to compare union with nonunion cases because of the large difference in their numbers, we believe that union cases produced superior clinical results compared with nonunion cases. In Group 1, 50% of the nonunion cases (2 of the 4 patients) received revision surgery because of clinical disorders related to nonunion. However, radiolucency in the middle of the cage in the early postoperative period should not confuse the surgeon with respect to the union or nonunion status. If patients show no clinical symptoms of instability, union will occur in the late follow-up period on radiological studies with respect to the classification of Zdeblick and Phillips 34 (Fig. 6) .
In patients who underwent PLIF, the wider retraction of the nerve root and thecal sac was clearly disadvantageous because it induced leg pain. 8, 16, 30 In our study, the Values are expressed as the mean ± SD. There were significant differences between pre-and postoperative SF-36 scores (p = 0.001; Wilcoxon signed rank test). There were no significant differences in preoperative SF-36 scores between the PLF and PLIF groups (p > 0.05), whereas there were significant differences in preoperative and both early and late postoperative scores between the PLF and PLIF groups (p < 0.05). decrease in the severity of leg pain did not differ between Groups 1 and 2.
Some investigators have reported that the clinical outcomes for PLIF are no better than for other fusion techniques. The complication rates associated with PLIF are higher than those with PLF and, technically, PLF is easier to perform. 6, 9, 17, 24, 27 However, in our series, a complication due to nerve root retraction was found in only 1 patient (4%), and it was not permanent. No neurological deficit was found at the 3-month follow-up in that patient. This low rate of neurological deficit may be due to the insertion of the PLIF cages in a manner similar to the transforaminal lumbar interbody fusion approach, after bilateral facetectomy and laminectomy, which minimizes nerve root retraction. With this approach, the sagittal axis could be corrected more easily to an adequate angle. The complications associated with the PLIF procedure include permanent neurological deficit in 0.4%-1.7%, CSF leakage in 0.4%-0.5%, radicular pain in 1.1%-2.5%, posterior dislocation of the cage in 0.8%-0.9%, and deep wound infection in 0.6%-5% of patients. 1, 16, 28 In our study, the disability scores were better in Group 2 in the early postoperative period, but there was no significant difference between the groups in the late postoperative period. This result does not support the above-mentioned view. Additionally, we found no intergroup differences when comparing complications and operating times. The average amount of bleeding in the PLF group was 270 ml more than that in the PLIF group, a finding that goes against the generally accepted opinion.
It is generally believed that reduction at operation is not required for patients with symptomatic Grades 1 and 2 spondylolisthesis. Complication rates were reportedly higher in patients who received reduction at operation. 2, 18, 20, 23 Although we did not specifically insist on reduction at operation in our cases, we noted that the percentages of dislocation found on postoperative radiographs were significantly lower than on preoperative radiographs. We did not observe postoperative neurological complications of any kind.
Swan et al. 26 investigated 2 groups with low-grade isthmic spondylolisthesis; they treated the first group (50 consecutive patients) using 1-level posterior instrumentation and PLF, and they treated the second group (50 consecutive patients) with both anterior lumbar interbody fusion and PLF. At the 2nd year postoperatively, a clinical examination demonstrated that the patients who received the combined anteroposterior treatment showed more correction of their unstable spondylolisthesis than patients who only received posterior treatment.
Madan and Boeree 17 compared 23 patients treated with PLIF and 21 treated with PLF who also had instrumentation treatment. Satisfactory clinical outcomes were found at a rate of 69.5% in the PLIF group and 69.5% in the PLF group. In patients with low-grade spondylolisthesis, they obtained better clinical results in the PLF group; however, the quality of fusion and correction was better in the PLIF group. After 2 years of experience with PLF and PLIF, Ekman et al. 3 reported that these 2 methods produced similar outcomes in the management of adult isthmic spondylolisthesis (with the exception of higher complication rates when using the PLIF method). Suk et al. 25 performed decompression, pedicle screw fixation, and fusion in 76 patients with symptomatic spondylolisthesis and a stenotic spinal canal. Of the 40 patients who received PLF, 31 had also been treated with PLIF. In the PLF group, the incidence of nonunion was 7.5%, whereas there was no nonunion in the PLIF group. In the cases in which PLF was applied, postreduction dislocation was corrected in 28.3%, whereas the corresponding incidence in the PLIF group was 41.6%. However, there was a decrease in the degree of reduction in the PLF group at the postoperative follow-up. According to the Kirkaldy-Willis criteria, the success rate in the PLIF group was higher than in the PLF group. Because anterior support failed to maintain the reduction achieved with surgery, Suk et al. recommended posterior fusion associated with interbody grafting (that is, PLIF).
Jacobs et al. 10 systematically reviewed the outcomes of 684 trials, and selectively included 29 studies in their meta-analysis to determine which fusion technique achieved the best clinical and radiological results in adult patients with low-grade lumbar isthmic spondylolisthesis. These trials included 8 randomized controlled studies, as well as 4 prospective and 17 retrospective case studies. In the treatment of low-grade spondylolisthesis, fusion was found to be superior to nonoperative treatment. However, this study could not conclude which operative technique (PLF, PLIF, anterior lumbar interbody fusion, or instrumentation) best accomplished fusion. In the management of low-grade isthmic spondylolisthesis, instrumentation, decompression, reduction, and fusion can all play a beneficial role.
In a prospective study, however, Kim et al. 13 could not find any differences among clinical outcomes and fusion ratios after observing PLF, PLIF, and combined PLF/ PLIF groups for 3 years. Despite the similarity between the groups, these investigators still reported better sagittal balance in the PLIF-only group relative to the PLF group. In addition, the PLIF-only group showed shorter operating times, lower blood loss, and no pain in the iliac wing (the donor site for bone fusion). Based on clinical evaluations performed using VAS, ODI, and SF-36 scores, we detected better outcomes in Group 2, especially at earlier stages. The angle of lumbar lordosis, as well as the segmental angulation and fusion ratio, was relatively improved in Group 2.
Conclusions
In cases of lower-grade isthmic lumbar spondylolisthesis, PLIF performed using pedicle screws provides a more solid mechanical construct compared with PLF performed using pedicle screws. Both surgical interventions were effective, but Group 2 exhibited better clinical outcomes at an earlier stage, including improvements in quality of life, pain relief, and functional ability. The difference between the PLF and PLIF groups in the early follow-up period was thought to be due to the earlier maintenance of an adequate sagittal axis and lower loading to the posterior segment of the vertebra with PLIF. This early postoperative pain relief and comfort increased patient collaboration in further treatments such as physiotherapy, and it shortened patient return to normal life.
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